Reports of Lyme carditis in children are limited to a small series comprising 1 to 3 cases. Predictive factors for Lyme carditis are unknown, and the spectrum of presentation and clinical course have not been well characterized.
L YME DISEASE, CAUSED the spirochete Borrelia burgdorferi, is the most common tick-borne infection in the United States. Early localized Lyme disease is characterized by erythema migrans that occurs within days to weeks of a tick bite. In untreated patients, early disseminated Lyme disease may manifest within weeks to months of a tick bite, with multiple erythema migrans, meningitis, cranial nerve palsy, and/or carditis. The most common feature of late disseminated Lyme disease is oligoarthritis.
Although reports suggest between 4% and 10% of adults with Lyme disease will develop carditis, recent data suggest that the incidence is decreasing, perhaps because of improved recognition of early localized Lyme disease. 1, 2 Lyme carditis in adults most commonly manifests as transient disturbances in atrioventricular conduction. 3, 4 Studies regarding Lyme carditis in children are limited to reports of 1 to 3 cases (Table 1) . [5] [6] [7] [8] [9] [10] [11] [12] [13] The incidence of advanced heart block and time required for recovery of atrioventricular conduction have not been well characterized.
The primary aim of this study was to characterize the presentation and clinical course for children with Lyme carditis. We also sought to identify predictive factors for carditis in children with early disseminated Lyme disease.
PATIENTS AND METHODS
The Committee on Clinical Investigation at Children's Hospital Boston approved the study, and the requirement for written informed consent was waived.
Administrative and departmental databases were screened to identify children Ͻ21 years of age who presented to the Children's Hospital Boston emergency department or were admitted to this hospital for evaluation and management of early disseminated Lyme disease from January 1994 through July 2008. Patients with early localized or late disseminated Lyme disease were excluded. Early disseminated Lyme disease was defined by the presence of multiple erythema migrans, meningitis, cranial neuritis, radiculoneuritis, ocular involvement, and/or carditis with laboratory confirmation of a B burgdorferi infection. 14 Lyme carditis was deemed to be present in those patients with early disseminated disease who had electrocardiographic evidence of acute atrioventricular block (AVB), ST-T wave changes, transient prolongation of the QTc interval, depressed myocardial dysfunction by echocardiogram, pericarditis, and/or inflammatory changes on myocardial biopsy. 2, 11 First-degree AVB was defined as a PR interval in lead II above the normal limit for age. 15 Second-degree AVB was defined as the intermittent loss of atrioventricular conduction with or without a preceding lengthening of the PR interval. 16 Complete AVB was defined as the absence of atrial impulse conduction to the ventricles. 16 And advanced heart block was defined as second-degree or higher-grade AVB. Predictive factors for Lyme carditis were sought by using a retrospective case-control design. Children with early disseminated Lyme disease without carditis who presented to the Children's Hospital Boston emergency department or were admitted to our hospital served as controls. Demographic variables, signs and symptoms at presentation, and the clinical course of each patient were extracted from the medical chart. Cardiopulmonary symptoms recorded included palpitations, chest pain, dyspnea, syncope, and near syncope. Routine immunohistochemical stains using CD3 (for T lymphocytes), CD20 (for B lymphocytes), and CD 79a (for B lymphocytes) antibodies (Cell Marque Corp, Host Springs, AR) were performed on paraffin-embedded sections of the endomyocardial biopsies from 2 children.
Continuous variables are reported as median (range) and were compared between groups by using the Wilcoxin rank-sum test. For the case-control study, logistic regression analysis was used to examine the relationship between predictor variables and the presence of carditis. Variables with a P value of Ͻ.1 in univariate analysis were considered for inclusion in a multivariate logistic regression analysis to identify adjusted predictors of carditis.
RESULTS
From January 1994 through July 2008, 296 patients presented to the emergency department and/or were admitted to our institution with Lyme disease. Of these, we excluded 19 patients with early localized Lyme disease, 66 with late disseminated Lyme disease, 2 who were admitted for antibiotic desensitization during the course of treatment initiated elsewhere, and 2 who were Ͼ21 years of age. Thus, 207 children who presented at our institution for acute evaluation and management of early disseminated Lyme disease were included in the study. Laboratory testing for Lyme disease in these patients is summarized in Of the 207 study patients, 33 (16%) had carditis. Patients with carditis had a wide range of systemic involvement, including flu-like symptoms (fever, malaise, headache, arthralgias, and/or myalgias) in 94%, meningitis in 48%, multiple erythema migrans in 48%, and erythema migrans in 24% (Table 3) . Of the 33 patients with carditis, only 1 (3%) presented with isolated carditis and had no erythema migrans or noncardiac systemic manifestations of Lyme disease.
Associations were sought between 24 variables and the presence of carditis in children with early disseminated Lyme disease ( The presence of cardiopulmonary symptoms had a 42% sensitivity for identifying patients with Lyme carditis, whereas the absence of any cardiopulmonary symptom had a 99% specificity for identifying those patients without carditis.
Resource consumption and early outcomes for children with early disseminated Lyme disease with carditis were compared with those without carditis ( Table 4) . The former were more likely to be hospitalized, to re- Laboratory studies were often obtained in outside hospitals or clinics; only results obtained through the Children's Hospital Boston laboratory or clearly documented in the medical chart are reported here. ELISA indicates enzyme linked immunosorbant assay; Ig, immunoglobulin. a Three patients had negative serological evidence for Lyme disease but were included, because they had convincing clinical presentations for early disseminated Lyme disease and had received antibiotics prior to testing (n ϭ 1), were immunocompromized (n ϭ 1), or titers were thought to have been obtained too early in the clinical course (n ϭ 1). main in the hospital longer, and to require intensive care. There was no mortality in either group (Table 4) . Of the 33 patients with carditis, 14 presented to our institution with first-degree AVB, including 1 patient who also had ST-T wave changes and another who had a prolonged QTc interval. Two of 3 patients who initially had first-degree AVB with a PR interval of Ն300 milliseconds developed second-degree AVB within 48 hours of admission. In contrast, none of the 11 patients with first-degree AVB whose initial PR interval was Ͻ300 milliseconds had documented advanced heart block.
Of the 33 patients with carditis, 14 (42%) had advanced heart block documented either at presentation (n ϭ 12) or during their hospitalization (n ϭ 2), including 9 (27%) with periods of high-grade or complete heart block (Fig 1 and Table 5 ). Other electrocardiographic abnormalities are summarized in Table 5 . The 14 patients with advanced heart block had recovery to sustained sinus rhythm with first-degree AVB in a median of 3 days (range: 1-7 days) after initiation of antibiotic therapy, and none required a permanent pacemaker.
Of the 33 patients with carditis, 4 (12%) had depressed ventricular systolic function on echocardiogram including 3 (9%) who presented in cardiogenic shock. Of the 4 patients with depressed ventricular function, 3 had complete heart block and 1 had a prolonged QTc interval. On admission to our cardiac ICU, 1 of these 3 patients required cardiopulmonary resuscitation and extracorporeal membrane oxygenation (ECMO) for 5 days before experiencing a complete recovery. As viral myocarditis was initially being considered, the 3 patients presenting in shock had endomyocardial biopsies, all of which showed florid myocarditis characterized by an extensive, predominantly lymphocytic infiltrate associated with myocyte damage and necrosis (Fig 2A) . In 2 cases in which immunohistochemical lymphocyte markers were used, a slight predominance of B lymphocytes (Fig 2B) over T lymphocytes (Fig 2C) was present, and there were scattered plasma cells (Fig 2A) . In 1 case, a Steiner stain revealed rare spirochetal organisms, consistent with B burgdorferi (Fig 2D) . One of these 3 patients had significantly elevated plasma adenovirus IgM titers, raising the possibility of concurrent infection. Fresh tissue from the endomyocardial biopsy of this child was tested by polymerase chain reaction using probes for a viral panel that included adenovirus, cytomegalovirus, Epstein-Barr virus, enterovirus, influenza A, mumps, parvovirus, respiratory syncytial virus, and rubella, and all were negative. These 3 patients received inotropic support and mechanical ventilation for 2 to 7 days.
Temporary transvenous pacing was used for 1 to 7 days to treat complete heart block in 4 (12%) children including the 3 patients who presented in shock. Two patients were paced by using temporary transvenous ventricular demand systems. On the premise that achieving atrioventricular synchrony would augment cardiac output in the setting of severe left ventricular dysfunction, the other 2 patients were managed with temporary dual chamber systems using standard permanent leads, which permitted more effective atrial sensing.
Six of the 33 children had prolongation of the corrected QT interval in the setting of early disseminated disease. Two of these patients have been previously reported. 11 Four of these 6 patients had concurrent meningitis. None developed torsades de pointes or other ventricular arrhythmias. The corrected QT interval normalized within 1 week to 3 months in all 5 patients who had follow-up electrocardiograms at our institution.
Antibiotic therapy consisted of 21 to 28 days of ceftriaxone for all 9 patients with complete heart block and 3 of the 5 patients with second-degree heart block. The other 2 patients with second-degree heart block received -20) .03 Mortality, n 0 0 -a Nine patients with carditis were admitted to the cardiac ICU for a median of 3 days (range: 1-11 days).
FIGURE 1
Telemetry recording from a 13-year-old boy with Lyme carditis and advanced heart block: high-grade AVB was present with relatively abrupt onset of multiple, consecutive, nonconducted beats; rare, narrow, conducted beats; and wide QRS escape beats. A temporary transvenous ventricular pacing wire was placed. Sustained 1:1 atrioventricular conduction returned 48 hours after initiation of antibiotic therapy. ceftriaxone while hospitalized and then were prescribed enteral antibiotics to complete a 21-to 28-day course. Antibiotic route and duration of therapy for patients with carditis without advanced heart block was largely determined by the presence or absence of meningitis. Follow-up was available for 27 (81%) of 33 children with carditis at a median of 0.1 year (range: 0.01-2.7 years). Of these 27 patients, 24 had complete resolution of their cardiac symptoms, rhythm disturbances, and myocardial dysfunction. One patient had ongoing second-degree AVB at 2.7 years after the initial presentation, and 2 patients had improved, but still mildly prolonged, PR intervals at short-term follow-up (200 milliseconds at 2.5 months and 188 milliseconds at 2 weeks).
DISCUSSION
This report includes the largest series of children with Lyme-associated carditis published to date. Carditis was found in 16% of children who had early disseminated Lyme disease and presented for acute management to our hospital. Noncardiac manifestations, including erythema migrans and meningitis, were coincident in the majority of patients with carditis. Age of Ͼ10 years, arthralgia, and cardiopulmonary symptoms remained significantly associated with a diagnosis of carditis after multivariate analysis. Not surprisingly, cardiopulmonary symptoms were rarely present in patients without carditis. Although 41% of the patients with carditis had advanced heart block, and 11% presented with cardiogenic shock, a full recovery should be expected with supportive care and antibiotic therapy.
The incidence of carditis in children with Lyme disease encountered in the community is likely lower than the 4% to 10% rate commonly cited in adults. A total of 291 children were reported in 2 prospective cohort studies of patients with Lyme disease identified by community pediatricians, of which only 1 had evidence of carditis. 17, 18 Neither report included the number of patients who had electrocardiograms, and thus patients with mild carditis may not have been recognized. Woolf and colleagues 10 found that 7 of 45 children with definite or probable Lyme disease seen at a Lyme referral center had abnormal electrocardiograms, including 2 with first-degree AVB, 1 with ST-T wave abnormalities, 1 with a single premature ventricular beat, 1 with sinus arrhythmia, 1 with ectopic atrial bradycardia, and 1 with left axis deviation. The latter 4 electrocardiographic findings have not been generally associated with Lyme carditis, and thus the conservative incidence of Lyme carditis in this series is 3 (7%) of 45. 10 The higher incidence of carditis found in our study (16%) is likely a result of referral and selection biases, because we only included patients with early disseminated Lyme disease. Although most children with early disseminated Lyme disease do not require emergency care or hospitalization, a 16% incidence of carditis may be representative of patients seeking care for early disseminated Lyme disease at large children's hospitals located in endemic regions.
The first detailed description of Lyme-associated carditis in adults was reported in 1980 by Steere et al. 3 The etiology of myocardial and atrioventricular conduction tissue injury is likely related to direct invasion of cardiac tissue by spirochetes and the resultant inflammatory response. 2, 4, 19 The most common clinical feature of Lyme carditis is variable degrees of AVB. Atrioventricular conduction disturbances can fluctuate rapidly, and serial reassessment is warranted until the trajectory of illness is fully appreciated. Our data suggest that in the evaluation of children with possible early disseminated Lyme disease, the threshold for obtaining an electrocardiogram should be particularly low in older children, those with arthralgias, and especially those with cardiopulmonary symptoms. After initiating antibiotic therapy, those whose initial PR intervals are prolonged but Ͻ300 milliseconds should have a repeat electrocardiogram within 1 to 2 days. Those children with initial PR intervals of Ն300 milliseconds are more likely to develop high-grade AV block and warrant telemetry monitoring in a hospital capable of providing temporary transvenous pacing.
The myocardial inflammatory infiltrate found in the endomyocardial biopsies in 3 of our patients was a mixed population of B and T lymphocytes (predominantly the former) and scattered plasma cells, similar to that reported in adult Lyme carditis. 19, 20 These findings are unlike those seen in acute viral myocarditis, in which the infiltrate consists almost exclusively of T lymphocytes and is devoid of plasma cells. These findings also contrast with the pathologic findings in murine models of Lyme carditis, in which there is a predominant myocardial infiltrate of macrophages; the reason for this discrepancy is unknown. 21 Several authors have stated that the severity of myocardial dysfunction associated with Lyme carditis, when present, is almost always mild. 2, 14, 22 In our highly selected cohort, 3 (9%) of 33 patients had severely depressed ventricular systolic function documented by echocardiography. Clinicians should consider obtaining an echocardiogram for any child with suspected Lyme carditis, particularly for those patients with signs or symptoms of acute heart failure or advanced heart block. Given the potential for rapid deterioration and the excellent response to treatment, we suggest that children with Lyme carditis and myocardial dysfunction be hospitalized in an institution capable of providing rapiddeployment ECMO for mechanical cardiac support. 23 In this report, we described for the first time the use of temporary dual-chamber pacing for 2 children with severe Lyme carditis with complete heart block and severely depressed biventricular function (1 of whom was on ECMO). This pacing strategy seems prudent in selected patients given the improvement in cardiac output observed when atrioventricular sequential pacing is employed in children with complete heart block after cardiac surgery. 24, 25 Adequate studies have not been conducted to determine if antibiotics hasten the recovery of atrioventricular conduction or other features of Lyme carditis. 2 However, because myocardial invasion by spirochetes has been demonstrated by endomyocardial biopsy (Fig 2D) , and given that noncardiac Lyme sequelae are largely prevented by antibiotics, antibiotics are recommended for patients with Lyme carditis. 2, 19, 26, 27 Although corticosteroids are sometimes advocated, there is no evidence that they are beneficial in patients with Lyme carditis and advanced heart block. 3, 7, 22, 28 No patient in this series received corticosteroids.
The timing of resolution of advanced heart block in our patients is consistent with that reported in previous case series in adults 3, 28, 29 and case reports in children. 6, 7 This knowledge is useful when counseling patients about the expected time course for improvement and reinforces the adult experience that permanent pacemaker implantation is rarely required. 4, 19, 28 Isolated case reports suggest that disturbances in atrioventricular conduction can rarely be permanent after Lyme carditis, as we saw with 1 patient who had persistent second-degree AVB. 28, 30, 31 Transient prolongation of the corrected QT interval may be an underappreciated marker of Lyme carditis. 11 Although 4 of our 6 patients had concurrent meningitis, their neurologic symptoms improved well before normalization of the corrected QT interval. It seems prudent to avoid drugs that prolong the QT interval in these patients until the electrocardiogram has normalized. This study is limited by its retrospective design. In addition, case finding was limited to patients who presented to our tertiary care institution who likely had a greater severity of illness. Younger patients may be less likely to report certain predictive symptoms examined in this study (eg, arthralgias). Not every patient with early disseminated Lyme disease received an electrocardiogram or echocardiogram, and thus cases of mild carditis may have gone undetected.
CONCLUSIONS
The spectrum of presentation for children with Lyme carditis ranges from asymptomatic first-degree heart block to fulminant myocarditis. Variable degrees of heart block are the most common manifestation and occasionally require temporary pacing. Transient myocardial dysfunction, although less common, can be life-threatening. Advanced heart block resolves within a week in most cases. In children with early disseminated Lyme disease, multivariate analysis identified older patients and those reporting arthralgias and cardiopulmonary symptoms as more likely to have carditis.
